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Adding the Blanking Pulses to the Picture Signal (contd.)

Adding the blanking voltage pulses to the picture signal fills the gap.
labeled earlier the no-picture-signal-interval, between the end of one hori-
zontal line of picture information and the beginning of the next line. We

illustrated the results of only three lines of picture information. Here we
show the same three lines with the blanking pulses added. Continuous
scanning of field after field results in a signal consisting of an unending
series of picture information voltages followed by blanking wvoltage.

A TRAIN OF PICTURE INFORMATION AND

Piaten jolnuctiss ed Simbing Peba
VUMM rorien pline s,

N\ borisontal blasking pulses
Favwe ‘oo By

‘A M M « vertical blasking interval — M'M'M'g '

borisontal blanking iatervals

'BLANKING PULSE VOLTAGES
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Details of Horizontal Blanking Pulses

Before concluding the discussion of blanking pulses, it might be well to
detail the constants and action of the horizontal blanking pulse. The .con-
ditions of its use are of special interest. and are not evident simply by
observation of the scanning lines that make up the fields.

3 each negative puise has 10 usec. duration

In line with the constants shown above the distribution of the horizontal
blanking time is the following:

SRR AN T e Y

] Smgle Complete Sca.nnins Cycle |
i Consists of forward trace and !
single complete scamsing cycle
gecapies 63.5 usec.

-
g retrace g |

r 1 usec.—. ‘—’—— ‘
| retrace = -
P ’
_ b p— allows 53.§ usec. co
the 10 wsec horizontal | of visible information per line |
blanking puise time - —
is divided between about 1.5 usec. - m about 1. 5 usec.
of the forward of the forward trace
7 arsec for the trace at the start before the end

retrace plus

The blanking of the horizontal scan for the short intervals after it begins
and before it ends is not the same in the camera tube as in the monitor and
receiver picture tubes. The horizontal blanking pulse delivered to the
camera tube is slightly shorter in duration than that which is combined with
the signal. This is a safety measure to assure that the beam is in the proper
position before the delivery of picture information begins. The slight loss
in picture content because of the extended horizontal blanking time is
inconsequential, as is the picture content lost by the complete blanking of
a number of horizontal scanning lines.

NOU



Equalizing Puise Width

The width of the equalizing puises
which precede and follow vertical
sync should be 2.54 microseconds.
The tolerance on equalizing puises
is that the area of the puise must be
between 45 and 5C% of the area of a
synchronizing puise. it is a tairly
simple matter 10 compare the reia-
tive widths of the puises and make a
valid comparison in that manner.
The equalizing pulses can be
viewed on a waveform monitor by
using the variable line selector to
trigger in the vertical interval. Be
sure when making this measure-
ment that the vertical interval is cor-
rectly formatted as described
previously.

Vertical Blanking

Vertical blanking 1s the time be-
tween the last picture information
at the bottom of one field and the
first picture information at the top
of the following tield. Vertical blank-
ing is measured from the leading
edge of the tirst equalizing pulse.
Measured in terms of time, vertical

bianking myst be greater than 1.17
milliseconds, but less than 133
milliseconds. In terms of scanning
lines, the maximum vertical
blanking is 21 lines. it1s tairly stang.
ard in the industry to adhere to 21
lines ot blanking, as the vertical in.
terval lines preceding picture are
often ysed for the transmission of
vertical interval test signais.

}"AQ

. - .
Vd N l
/ \\ .
4 N
Vs ~
I
s
4

N

e EQUALIZING A
’ PULSE WIDTH N

7
&

-4 IRE

11. Measured between points a!
the 1/10 sync (-4 IRE) ievel.
Shown here at 0.25 usecidiv:
2.40 usec. Depending on the
width of H sync, equalizers may
be between 2.0 and 2.54 usec.
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Vertical Sync Puise

The vertical sync puise should have
a total width equali to three horizon-
1al scanning lines. The serrations in
the sync puise myst be between 3.8
ang 5.1 microseconds, Measured at
the -4 IRE level. The rise and fall
times of the eQualizers and serra-
tions must De less than 0.250 micro-
seconds.

1 I I

12. 3 tull lines in duretion, with ser-
rations as shown here. 0.5
useci/div, serration wigth = 4.5
uiec.

16

SERRATION
WIDTH

Subcarmier Frequency

The frequency of the color subcamer
or burst signal must be held within
10 M2 of 3.57954% MKz The shon
time durstion of the Durst signal
makes direct frequency counting
quite inaccurate. Depending on the
squipment available. durst fraquen-
cy can be measured or ventied in
several ways.

Frequency Counter and
Gen-Lock Device

| SYSTEM UNDER TEST J

[EEN LOCK SIGNAL GENERATOR

S A SUBCAMRIEA O

| rmecuency counten J

If you have & digital frequency
counter and a gen-lock signal gen-
erator with a cw sybcartier output,
the generator can be locked to the
video signal and the subcarrier fre-
quency of the generator can Dde
measured with the (requency
counter.

20 A



17. What is the meaning of the lerm waveform?

A. A waveform is the graphic representation of an
electromagnetic wave showing the variations in its am-
plitude with time. An oscilloscope provides these graphic
representations in the form of luminous patterns on the
face of the cathode ray tube.

Syne Adee Tp

Waveform Graticuie Scaie with Single Trace

05767

S

O 5



18, How is the waveform monitor calibrated?

A. A standard of the Electronics industries Association *
(EIA) specifies that the total excursion of the composite 00~~~ — -
video signal shall not exceed 1.0 voit from the tips of the - [
sync signal to the reference white level. By means of an 80 —
accurate internal calibrating voitage, the vertical deflec-
tion of the electron beam in the oscilloscope can be ad- 1
justed to fill the wavetorm scaie. When the reference go — .
voitage is replaced with a video signal, the amplitude of !
tha signal can be estimated with considerable accuracy 7 T4 voit
from the positions on the scaie of the waveform display. 40 —
In the initial sdjustment of a waveform monitor, blanking
level is first set at zero on the scale by adjusting the verti-
cal position of the display. Then the tips of the sync puises 20 —

should just touch the -440 line on the scale. .
o —+
ﬂ L]
20— 206 voit

40 —be __.l_

Fig. 1. The IRE sceie units.
(For a 1V P-P composite signal)

InE T ! Te
wemts T
120
. 100  WAVEFORM TEAMINOLOGY
‘»
A: The peeli-to-peak ampiitude of
the COMpesite color video
e signal
8: The ditference belween bdiack
60 . lcv,ol ang dDlanking levet (set-
up
C: The pesk-to-peak ampliitude of
<0 the COMT DUrs!
I L. Luminance signai—nominal
value
20 IvoLT M. MONGCRIOME Vige0 3ignal Desk-
to-pesk amplitude (M = + S}
S. Synehromizing 3ignal —ampli-
° tude
I T, Ouration of breezeway
.20 X T, Duration of line dlanking period
! T,.. Duration of line synchromizing
AL pulse
-40 T. Duration of actve hine perod
e —

The standard composite color video signal.



L — 19. Is black level the same as blanking level?

A. In North American teievision there is a space. nom-
inally 7% IEEE units in the composite video signal, be-
tween blanking level and the black peaks in the picture
signals. This is known as setup. Normally the iowest
levels in the picture signals, representing shadow areas,
are adjusted to just touch the setup level.

* Electronics Industnes Association, 2001 Eye Street. N.W.. Washington,
0.C. 20006.

- Bl Y o B
) -8
_ . .
— -n
Unes §
- T
-4
Syne Puine Tip

— wavetorm Graticuie Scaie with Single Trace
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ments necessary for transmussion to the audience
picture signals, sync pulses. blanking pulses. setup, etc.
However, the teievision station often dispiays the pic-
ture signals on the waveform monitors without sync
puises or setup.

-00— - é"""‘"“”l
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797 1E6E Une ¥
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Waveform Graticule Scale with Single Trace
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ADJUSTING YIDEO SIGNAL LEVELS

21. When video signal levels are incorrect, how are the
necessary adjustments made?

A. The video signais must pass through amplifiers
before being displayed on a waveform monitor. By suit-
able adjustment of ampiifier controls, the levels in the
various parts of the video signais can be made 1o coin-
Cide with the lines engraved on the wavetorm monitor
graticule. Sync puises and picture signais are routed
through separate circuits before being combined to form
compaosite video signals, and adjustments in the levels
can be made independently.

Sywe
Cavetan !

i

° -
- Meoniter for
> Comere | camere VIDEO SIGNAL
= selector 10
- farmost TRANSMITTER
™
(o) \ﬁ ’
- shows
; camera |
- pickup
o - ? /
Ol Jl
Meniter for
Cemera 3
- studio * studio control room el



A. A3 NE eIClron DeSM in the camera tube scans an
optical image, the signal level at the output of the tube
rises and falls in relation 0 the amount (intensity) of
light in the various image areas. White level is the max-
imum excursion of the video signal in the white direction,
as observed on the waveforrn monitor.

-100 fask Whnte
~80 1
-4
B
o
- =5
Sync Puine Tp

Waveform Graticule Scale with Single Trace
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A. Normally television cameras in a studio are set up
(aligned) with a gray-scale test chart that has a number
of steps from black to white over a range of reflectance
of approximately 40:1 — that is, the lightest step reflects
40 umes more light tnan the black step. By suitable
adjustiment of camera controls, the video signal levels
for the black and white steps of the chart can be mace
to coincide with the lines on the waveform monitor
graticule. representing black and white signal leveis.
When the cameras are moved away from the test char
Into a lighted set, the video signal levels will change
if the reflectances of the lightest and darkest areas of the
set are different from those of the white and black steps
of the chart. The overall signal level can be raised or
lowered by adjusting the camera lens aperture, or by
altering the lighting on the set. i

(31 4
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A. Transmission of video signais to a television audi-
ence involves a modulation process in which the signais
are impressed on a high frequency carrier wave. The car-
rier is modulated in such a way that an increase in video
level causes a decrease in carrier amplitude. The ups of
the sync pulses occur at maximum carrier level, while
white peaks in the picture portion of the signais should
give a depth of modulation of 10 to 15 percent. It the
white signal is allowed !0 rise above 100 units on’the
waveform monitor at the camera where the signals are
being generated, improper modulation of the carrier
will resuit, giving rise to severe buzz in the audio in some
television receivers.

CAta €L CvT Y14
oR 2000 Cantti/

—

Amplitude

Bir

¢
— MCTURE CARRKER
' 0
FUNQAMENTAL FREQUENCY 0F ammeRR ! MODULATING ! \
cavsial MULTPLER Stage T .
oscuiaron A .

ExeTER LS

COmPOSITE
VIDEQ SIGNAL Amplitude Thae RF Picture

Carrier



25. What other adverse effects will excessively high peak
white leveis give?

A. When some area of 3 scene or set produces peak
white |leveis above 100 units on the waveform monitor,
the camera lens aperture could be closed down a little
to reduce the ievel. However, this will reduce the amount
ot light reaching the camera tube in all other image areas
as well. and compression (l0ss of detail) in the picture
shadows may result. When a performer s wearning a
white shirt or dress. giving very high peak white ievel,
cicsing down the camera lens will make the pertormer's
face too dark. Another exampie of this kind of situation
IS a person dosed against 3 window or a bright sky area.
Faces should be represented on the waveform monstor
scale at 50 to 80 umts when the white portions of the
scene fall at 100 units.




NTSC COLOR TELEVISION SYSTEM

32 How is it possibie 1o send color pictures with two
color signails when the color television camera has three
color outputs — red. green, and blue?

A. The signals trom the three color tubes (R. G, B) in
the camera are combined 1n an encoder to form three
new signais — a lyminance or Y signal (Y does not mean

- "yellow” signal) and two color difference signais. R-Y

and B-Y. The luminance signal is obtained by comdining
in the encoder the R. G, ang 8 signals in proportions of
30 units of R. 59 urits of G. and 11 units of B. By subd-
tracting the luminance component from the R and B
signais, only colonng infomation (chrommance) re-
mains. The R-Y and B-Y signais could be transmitted
along with the Y signal and produce color pictures on
home receivers. but 1o obtain better reproduction of
colors, modilications of the R-Y and B-Y signals are
empioved, known as the | and Q signais. These three
signais — Y. i, and Q — contain ail the information nec-
e38ary 10 Qive color pictures.

Objective Lone
o Tuv.w

Mirver
-]
Reley .-
Lenses Y Rod

ﬁ Ay \\:_,c' /
’IM Groen
< ~ Mirrars

o 4 r“-‘vth;‘
Merree
. Moo

A

Comers Tubes

Comers Tubes

33. How are the | and Q signale combined with the Y
signal?

A. The luminance (Y) signal is simiiar t0 the signai
from a monochrome television camera, contaiming detail
ang bnghtness differencs information. and is trans-
mitted in much the SamMe way as Dlack-and-white televi-
sion pictures. In the modulation process, the frequencies
representing the luminance signai and the syncnronizing
puises occur in clusters or bunches spread over the
4.25 Mz band, with spaces between them. The chromi-
nance (coior) information is fitted into these speces by
modulating a separate sudcarrier frequency of .56 MMz,

" the Q nignal being 90 degrees out of phase with the |

signal.

3. What is the significence ol 1he lotters | and Q7

A. These ietters are used (0 identity the two ctvomi
nance signels in the NTSC system, and are shifed in* |
phase relstive (0 the color difference signais, A-Y and
o-v.mmn-wa-kuommnm
apant. but the | ena Q signais are shifted 33 degress in a
counterciockwise direction. These reiationshigs can be
shown on & chromaticity diagram or on a vectomnoope,
with colors from red to biue-green on the R-Y axig. and
biue 10 green-yeliow on the 8-Y axis. Moving these axes
to the | and Q positions makes colors from orangs to
Cysn 3ppesr on the | axis and from magenta to yellow
on the Q axis. Better reproduction of coiors such as flesh
tones can be achieved with the | ang Q signais in these
phase reiationships, since flesh tones fail on the | axis.
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3S. What is a vectorscope?

A. A vectorscope 1S 2 special type oOf oscilioscape for
displayng color phase relationships relative to the
phase reference. The vectorscope provides a means for
snowing the circular vector diagram on which each
color can be igentified by comparison with the phase
reference in degrees of rotation.

el Bl

PIGURE § Vectorscops Dieplay of the Correctly Adjusted

Color Bar Signai



TRANSMITTING TELEVISION SIGNALS
Frequency

29. What ls a television channel?
limits

A Tetewision in North America nas Ceen allocated

! 3
dands in the rachio irequency spectrum § MHZ in wigth. s ’:
The two VHF (very high Irequency) bands are located be- 3 5612 - 608414 -
tween 54 and 216 MMz In each § MHZ band. all of the s 682 @ V4N '
nformation necessary !or reproducing lelevision pic- s 3:4: 39 oa2 ”n
tures can be transmitted. These bDands are known as . :';::: :? :::;; z:
channeis, and receivers are designed 10 switch in steps ’ o192 W2 e ;o
from one VHF channel to another (channels 2 to 13). v 192198 o s o
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30. How is the program sound transmitted?

A. The video signals occupy a bandwidth in each
Iransmission channel of 4.25 MMz sbove the lower end
of each channel. At the upper end of each channel, there
'S a space 0.75 MMz in width set aside for the sound.
The sound is transmitted by frequency modulation

Chromenance Subcarr.

Video 1.5 MM2 o

.S MMy

(FM). In the receiver the sound portion of the ncoming
signals is separated from the video. amplified. and fed
tQ the loudspeaker.

Ay
Ca

[] 1.0
1.28 M2

THE SOUND SIGNAL ‘

20 0 4.0 so

pehene 3 579548 MM3 ———enq

1

Pt ——— 4 ML ——ae e

e Fraquency 1 MNz

8.

Producing the Frequency-Modulated Sound Carrier |

A very simple example will illustrate the special language that is related
to frequency modulation. Assume a TV channel 5 signal. Its sound carrier
frequency allocation is 81.75 mc. In the absence of any modulstion this
radiated sound carrier has tha constant or “resting” frequency of 81.75 me.

i QuET
Ne meduisiion reseits a 2
CORStant- (requency carrier
Pk TIME -1
/@g\

A YHIBPER may swing e carrier
(roquancy 300 cycies up and down !

- The loudest BANG on 2 drum
may swing the carrier 35.000
cyeios (28 ke) up and dova

The change in carrier frequency during frequency modulation is known as
frequency devistion. Whea the frequency incresses above the resting
frequency it is inown as positive deviatien: when the frequency dccrmfs
below the resting frequency it is called negative deviation. Ths change in
frequency is ales called swing. If, for instance, a whisper at The input to
the sound system results in a carrier frequency change of 200 cycles above
"and below the stated 81.75 mc, the frequency of the carrier swings 200 cycles
in each direction, or has a total swing of 400 cycles from 81.7496 mc to
81.7502 me.

On the other hand a sound loud enough to produce 100" modulation of the
frequency-modulated carrier would, according to American standards. raise
and lower the frequency by 25,000 cycles (25 kc)—an overall swing of 50 kc.
The channel $ sound carrier with a resting frequency of 81.75 mc would then
have a low-frequency limit of 81.750 — .025 mc or 81.725 mc and a high-

> frequency limit of 81.750 +— .025 mc or 81.775 mc.

Frequency Distritution in a 6 MH

Televigion Cannet



FIGURE 8 Vectorscope Disrlay of the Correctly Adjusted
Cole: Bar Signal

36. How are green colors reproduced in a system using
only two color signais?

A. The luminance signat (Y) is obtained by combining
red, green and biue signais from the color camera, and
therefore contains green information. The | and Q signais
are made up of specific proportions of R-Y and B-Y. At
the receiver, red, green. and biue signais are derived in
a decoder by combining the |, Q, and Y signais in the
proper proportions. ‘

37. 1t is often said that the NTSC system is phase de-
‘pendent. What does this meen?

A. Color information is transmitted in the NTSC sys-
tem by means of a subcarrier that is doubly modulated
by the | and Q signais. The subcarrier is a continuous
apne wave at a frequency of 3.58 MHz and is located near
the upper end 0! the video frequency band. The two
modulating signals are applied 1o the subcarrier with a
phase difference of 90 degrees. so that the signal actually
transmitted is the vector sum of the two signals. As the
color being transmitted changes. the vectors rotate,
indicating the degree of phase shift that is taking piace.
Every color within the range of the system is repre-
sented by a phase ditterence rejative {0 the reference for
the system.

THE COLOR SUBCARRIER

38. What is the color bucst?

A. The color burst consists of a few cyciles of the chro-
minance subcarrier included in the composite video sig-
nal in a space immediately preceding each horizontal
line scan. As 1t provides the phase reference of the
system at the receiver. the color burst must be very care-
fully controiled by the transmitting station When the
chrominance subcarrier s being medulated. the sub-
carrier frequency 1s canceled cut leaving sigepandgs con-

taining the chrommance information. At the receiver
there 1S an osculator runming at approximately the syb-
carrier frequency of 3.58 MHz. This oscillator i1s syn-
chronized with the subcarrier generator at the trans-
mitting station by means of the color burst, thus pro-
viding the essential subcarrier reference frequency ir
the receiver.

39. What is the purpose of the color bar test pattern?

A. The color bar pattern is used for checking anc
adjusting encoders, color picture MONItOrs. and receivers
It consists of vertical bars of the three primary colors —
red. green, and blue, and the three complementary colors
— cyan, magenta, and yellow — as welil ag white and black
levels. The colors are arranged in a descending sequence
of signal levels, from ieft to right. as seen on a picture
monitor or receiver. When the chrominance portion ¢
the composite video signal is removed. the remaininc
fuminance signal gives a stepped gray scale. To obtair
this resuit, the colors are arranged in the following
order: white, yellow, cyan. green, magenta, red. blue
and bilack.

40. How is the color bar pettern obtained?

A. It is not necessary (O 56t UP & Camera tO SCan a color
bar chart. The test pattern can be produced much more
easily and with greater accuracy by means of an eiec-
tronic device cailed a color bar generator. The generator
puts out a signal in which the phase of t%o 3.58 MMz
reference frequency is shifted in a time delay sequence
For example, a phase shift of 12 degrees produces a yel-
low color, while red is obtained Dy shifting the phase
78.5 degrees. By shifting the phase in a fixed time se-
quernce, a pattern of vertical bars of the required colors
can be generated.

. 41. How is the chrominance removed from the lumi-

nance signal?

A. The chrominance signal occupies a portion of the
video frequency band near the upper end, around the
subcarrier frequency of 3.58 MHz. The luminance signa
occupies the entire frequency band of 4.25 MMz, The
chrominance signal can be separated from the lumi-
nance signai by making use of a frequency limiting filter
network.

COLOR-MONOCHROME
COMPATIBILITY CONSIDERATIONS

42. What happens when color signais are fed into a
manochrome receiver?

A. Monochrome receivers respond to the luminance
portion of the color signais only. providing pictures tha:
have an appearance simiiar {0 those {rom a monochrome
camera.

05774
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Color-bar test waveform.

Fig. 10-1.




43. How does a color receiver respond to monochrome
signals?

A. In a color receiver, the luminance portion of color
signais s fed 1o all three electron guns in the picture
tube, along with the three color signails — red, green, angd
blu2. The luminance signal provides the brightness vari-
ations inthe picture display. while the color signals atfect
the intensily of the three beams ditlerentially, producing
colors in the pictures. When a monochrome signal is fed
INtO a color receiver, the three guns receive luminance
information only and act together to produce pictures
without color,

44. What is done to prevent unbslance in s color re-
ceiver that wouid give tinted pictures from monochrome
signais?

A. During the reception of monochrome signais, the
chrominance channel is disabled by what is known as
the color-killer circuit. This allows only the luminance
signal to reach the picture tube. Signals are prevented
from passing through the chrominance channel by
electrically biasing to cut off one or more stages in this
channel.

4S. How does the receiver distinguish between color sig-
nals from black-and-white objects, such as line drawings
or newspaper clippings, and the signeais trom a mono-
chrome camera?

A. Composite color signais include several cycles of
subcarrier trequency called color burst, in a space fol-
lowing the horizontal sync puise. The presence of the
color burst indicates that color signals are being received.

46. How_ does the color television system reproduce
black-and-white objects?

. A. When the color subcarrier is being modulated by

‘the signals from a color camera. the output of the mod-

lator circuit falls to zero when no color is present. Since
there is no chrominance signat at the receiver in this case
onfy the iuminance signal wouid be fed to the three
guns in the picture tube. However, if the color camera is
not perfectly balanced to a neutral condition, and some
subcarrier appears in the transmitted signais. the picture
in the color receiver wiil not be neutral in appearance.
wWhen black-and-white film is being transmitted. it is
customary for stations to switch off the color burst to
avoid the effects of camera unbalance.

ADJUSTING COLOR BALANCE IN
TELEVISION CAMERAS

47. What is meant by balencing a color camera to a
neutral condition?

A. The light entering the color camera through the lens
1s split 1n10 req. green. and blue components by means of
color tilters As the cameras are usually aligned (bal-

anced) with a gray-scale test char: !iters are selecteq
that will give a neutral reproduction of the chart when
the video wavelorms from the three camera tubes have
the same amplituyge. in the encoder. the luminance s:g-
nal 1s derived by combining 30 units of the red signal,
59 units of the green signal, and 11 units of the biue sig-
nal. When the three color signais from the camera have
the same amplitude. there is no chrominance output
from the encoder — that is, the subcarrier falls to zero, or
dis?~d>ears — and the neutral balance 1S maintained in
transmission to home receivers.

48. What happens when a color camera balanced for
studio (tungeten) light is taken outdoors?

A. Daylight has more biue energy than tungsten light.
‘When a camera balanced for tungsten light is moved out
of the studio for an outdoor scene, the blue wavetorm
from a gray-scale test chart will be higher in amplitude
than the green and red wavetorms. To compenssie iui
these changed conditions, the camera has t0 be rebal-
anced, reducing the signal level in the blue channel, and
perhaps aiso0 increasing the green and red signa! levels.

49. How are the signal levels from the color camera
reised or lowered? >

A. When the overall amount of light entering-the
camera changes, the resulting video waveforms (or sig-
nai leveis) can be raised or lowered Dy altering the open-
ing in the camara iens. If, however, the spectrsl energy
distribution of the light changes, as in going from a
studio iluminated with tungsten light to an outdoor
scene, the camera can be rebslanced by piacing a suit-
able color filter in front of the lens. For exampie, a
yellow filter absorbs blue light, and this would reduce
the level of the signal from the blue camera tube.

50. How are the seperation filters in a color camers
selected?

A. When the National Television Systems Committee
(NTSC) was preparing specifications for color teievision
in the early 1950s, three primary colors were adopted
with peaks at 610 nanometers for the red, 540 for the
green, and 470 for the blue. Thess coilors were selected
to complement the coior phosphors available for use in
picture tubes. in practice, the designers of television
cameras, in order to obtain the most pieasing pictures,
select lilters with passbands that may be slightly dif-
terent from the NTSC specifications.
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